The tumor suppressor protein Suppressor of fused (Sufu) plays a conserved role in the Hedgehog (Hh) signaling pathway by inhibiting Cubitus interruptus (Ci)/Glioma-associated oncogene homolog (Gli) transcription factors, but the molecular mechanism by which Sufu inhibits Ci/Gli activity remains poorly understood. Here we show that Sufu can bind Ci/Gli through a C-terminal Sufu-interacting site (SIC) in addition to a previously identified N-terminal site (SIN), and that both SIC and SIN are required for optimal inhibition of Ci/Gli by Sufu. We show that Sufu can sequester Ci/Gli in the cytoplasm through binding to SIN while inhibiting Ci/Gli activity in the nucleus depending on SIC. We also find that binding of Sufu to SIC and the middle region of Ci can impede recruitment of the transcriptional coactivator CBP by masking its binding site in the C-terminal region of Ci. Indeed, moving the CBP-binding site to an "exposed" location can render Ci resistant to Sufu-mediated inhibition in the nucleus. Hence, our study identifies a previously unidentified and conserved Sufubinding motif in the C-terminal region of Ci/Gli and provides mechanistic insight into how Sufu inhibits Ci/Gli activity in the nucleus.
The tumor suppressor protein Suppressor of fused (Sufu) plays a conserved role in the Hedgehog (Hh) signaling pathway by inhibiting Cubitus interruptus (Ci)/Glioma-associated oncogene homolog (Gli) transcription factors, but the molecular mechanism by which Sufu inhibits Ci/Gli activity remains poorly understood. Here we show that Sufu can bind Ci/Gli through a C-terminal Sufu-interacting site (SIC) in addition to a previously identified N-terminal site (SIN), and that both SIC and SIN are required for optimal inhibition of Ci/Gli by Sufu. We show that Sufu can sequester Ci/Gli in the cytoplasm through binding to SIN while inhibiting Ci/Gli activity in the nucleus depending on SIC. We also find that binding of Sufu to SIC and the middle region of Ci can impede recruitment of the transcriptional coactivator CBP by masking its binding site in the C-terminal region of Ci. Indeed, moving the CBP-binding site to an "exposed" location can render Ci resistant to Sufu-mediated inhibition in the nucleus. Hence, our study identifies a previously unidentified and conserved Sufubinding motif in the C-terminal region of Ci/Gli and provides mechanistic insight into how Sufu inhibits Ci/Gli activity in the nucleus.
he Hedgehog (Hh) signaling pathway controls embryogenesis and adult tissue homeostasis by regulating the Cubitus interruptus (Ci)/Glioma-associated oncogene homolog (Gli) family of zinc-finger transcription factors (1, 2) . Initially identified as a suppressor of the segmentation defects caused by the loss of the serine/threonine kinase Fused (Fu) in Drosophila (3), Suppressor of fused (Sufu) plays a conserved negative role in Hh signal transduction by inhibiting the Ci/Gli transcription factors (4) (5) (6) . Moreover, mutations in human Sufu predispose to medulloblastoma and meningioma (7, 8) . Much of the attention in the past has been given to the role of Sufu in the cytoplasmic sequestration of Ci/Gli (5, (9) (10) (11) (12) (13) (14) . In addition, Sufu is also required for the production of the repressor form of Gli in mammals (15) (16) (17) , a function carried out by the kinesin-like protein Costal2 (Cos2) in Drosophila (18) . However, several studies have suggested that Sufu may also function in the nucleus to inhibit the activator form of Ci/Gli. For example, in Drosophila cos2 mutant wing discs, full-length Ci accumulated in the nucleus in a latent form inhibited by Sufu (18, 19) . In cultured mammalian cells, overexpression of a truncated Sufu could inhibit Gli activity without sequestering it in the cytoplasm (20) . Sufu can interact with several nuclear proteins, including the Drosophila myelodysplasia/myeloid leukemia factor and transcriptional corepressor complex Sin3-SAP18 (21, 22) ; however, a role for these nuclear factors in the regulation of Ci/Gli activity has not been demonstrated by a loss-of-function study (17) .
In this study, we observed that Sufu could still inhibit a fulllength Ci lacking the previously identified N-terminal Sufu-binding motif. Following up this unexpected observation, we identified a previously unidentified and conserved Sufu-binding motif located at the C terminus of Ci/Gli. We show that both the N-and C-terminal Sufu-interacting sites are required for optimal binding of Ci/Gli to Sufu as well as for effective inhibition of Ci/Gli by Sufu. We find that the N-and C-terminal sites can mediate cytoplasmic retention and nuclear inhibition of Ci/Gli by Sufu, respectively. Furthermore, we provide evidence that binding of Sufu to Ci impedes the recruitment of the transcriptional coactivator CBP.
Results

Sufu Can Inhibit a Full-Length Ci Lacking the N-Terminal Sufu-Binding
Site. Previous studies indicated that Ci/Gli binds Sufu through its N-terminal domain containing an SYGH core motif (Fig. 1A ) (11, 12, 23, 24) , which we named SIN (Sufu-interacting site in the N-terminal region). We were surprised to observe that the transcriptional activity of a Ci variant (Ci -PKAΔN ) lacking SIN was still inhibited by Sufu (Fig. S1 ). Of note, Ci -PKA has three PKA sites mutated to Ala and is no longer processed into a truncated repressor (Ci R ) (25) . By using Ci -PKA as a backbone for structurefunction study, we could focus on the regulation of the activator form of Ci (Ci A ) by Sufu. When SIN was deleted in CiGA1, in which the Ci sequence C-terminal to its Zn-finger DNA-binding domain was replaced by the Gal4 activation domain (GA), the resulting CiGA1ΔN was less inhibited by Sufu (Fig. S1 ), suggesting that Sufu can inhibit Ci through a region C-terminal to its Zn-finger DNA-binding domain.
Sufu Interacts with a Conserved C-Terminal Site in Ci/Gli. To determine whether Sufu could interact with Ci through a domain(s) other than SIN, we divided Ci into three fragments-Ci (amino acids 1-439), Ci 440-1160 (amino acids 440-1160), and Ci 1161-1397 (amino acids 1161-1397)-and examined their interaction with Sufu by coimmunoprecipitation (CoIP) assay. When coexpressed with a Flag-tagged Sufu (Fg-Sufu) in S2 cells, all Significance Hedgehog (Hh) signaling controls embryonic development and adult tissue homeostasis by regulating the Cubitus interruptus (Ci)/Glioma-associated oncogene homolog (Gli) family of transcription factors. Abnormal Hh pathway activity causes congenital disease and cancer. As a conserved negative regulator of the Hh signaling pathway, the tumor suppressor protein Suppressor of fused (Sufu) binds and inhibits Ci/Gli, but how Sufu contacts Ci/Gli and how Sufu-Ci/Gli interaction inhibits Hh signaling activity remain poorly understood. Here we identified a conserved Sufu-binding site in the C-terminal region of Ci/Gli. Further characterization of this Sufu-binding site provided insight into how Sufu blocks Ci/Gli activation in the nucleus. Understanding the mechanism by which Sufu regulates Ci/Gli activity is important for developing therapeutic treatment of cancers caused by abnormal Hh pathway activation. three Ci fragments coimmunoprecipitated Fg-Sufu, with Ci 1-439 exhibiting 10-fold higher affinity than Ci 440-1160 or Ci 1161-1397 (Fig. 1B) . Sequence alignment revealed a C-terminally conserved sequence motif present in Ci (amino acids 1370-1397), Gli2, and Gli3 (Fig. 1A) . To determine whether this conserved sequence mediates the interaction between Ci and Sufu, we deleted it from Ci 1161-1397 to generate Ci 1160-1370 , and found that Ci 1160-1370 failed to bind Sufu (Fig. 1B) . GST pull-down experiments revealed that GST-Ci 1370-1397 pulled down Fg-Sufu derived from S2 cell extracts but 10-fold less effectively compared with GSTCi (Fig. 1C) , suggesting that Ci 1370-1397 contains a lowaffinity Sufu-binding site, which we name SIC (Sufu-interacting site in the C terminus). Fig. 2A) , and compared their binding affinity toward Sufu in S2 cells using the CoIP assay. As shown in Fig. 1D , deletion of either SIN or SIC resulted in approximately fivefold reduction in Sufu binding, whereas their combined deletion nearly abolished Sufu binding. In a competition assay, we found that increasing the amount of Ci 1-439 did not affect the association between Sufu and Ci 1161-1397 ; instead, Sufu coimmunoprecipitated both Ci fragments (Fig. 1E ), suggesting that SIN and SIC may bind different regions of Sufu instead of competing for the same binding pocket. Consistent with this notion, a Sufu variant (Sufu D154R ), which contains a point mutation at D154 implicated in contacting the SYGH motif (26, 27) , exhibited diminished binding to Ci 1-440 but interacted with Ci 1161-1397 similar to the wild-type Sufu (Fig. 1F) . Taken together, these observations suggest that Sufu may simultaneously interact with both SIN and SIC, and that this multisite interaction greatly increases the overall binding affinity. To determine the relative contribution of SIN and SIC to Sufu-mediated inhibition of Ci in vivo, UAS transgenes expressing individual Ci variants were introduced into flies at the same genomic locus using the phiC31 integration system to ensure similar levels of transcription of the transgenes (28) . Wing discs expressing these transgenes using MS1096, a wing-specific Gal4 driver, in the absence or presence of a UAS-Sufu transgene were immunostained with Ci and Patched (Ptc) antibodies to monitor the levels of fulllength Ci (derived from both transgenic and endogenous expression) and Hh pathway activity, respectively. Quantification of full-length Ci levels in control and Ci -PKA -expressing wing discs indicated that exogenously derived Ci reached levels four-to fivefold higher than the endogenous levels in anterior (A)-compartment cells distant from the anterior-posterior (A/P) boundary after subtracting the background signal, whereas in A-compartment cells near the A/P boundary, Ci -PKA -expressing wing discs contained full-length Ci at levels approximately twofold higher than the control discs (Fig. S2 A-C) . Real-time quantitative PCR revealed that Sufu mRNA levels in Sufuoverexpressing wing discs were approximately threefold higher than in control discs (Fig. S2D) . CoIP experiments using wing disc extracts indicated that both Ci -PKAΔN and Ci -PKAΔC bound approximately fivefold less endogenous Sufu compared with Ci -PKA , whereas Ci -PKAΔNΔC exhibited no detectable binding to less endogenous Sufu (Fig. S3) .
In control wing discs, Hh is expressed in the posterior (P) compartment whereas Ci is expressed in the A compartment. Hh moves to the A compartment to stabilize Ci and activate target genes such as ptc in A-compartment cells near the A/P boundary ( Fig. 2 C and C′) . When Ci is ectopically expressed in P-compartment cells using the MS1096 Gal4 driver, it can ectopically activate downstream Hh target genes, and this ectopic activity is subject to suppression by Sufu, providing an additional place to assay Sufu-Ci regulatory interactions. Both full-length and truncated Ci -PKA induced ectopic expression of ptc along the A/P axis (Fig. 2 D′-G′) . Coexpression of Sufu completely suppressed the ectopic ptc expression induced by Ci -PKA in both A-and P-compartment cells ( Fig. 2H′ compared with Fig. 2D′ Fig. 2 E′ and F′) . By contrast, coexpression of Sufu did not block the ectopic ptc expression induced by Ci -PKAΔNΔC in either A-or P-compartment cells (Fig. 2K′ compared with Fig.  2G′ ). Hence, both SIN and SIC can contribute to Sufu-mediated inhibition of Ci.
We noted that Ci -PKAΔNΔC induced ectopic ptc expression at lower levels compared with other Ci transgenes (Fig. 2G′ compared with Fig. 2 D-F′) , likely due to its instability, because wing discs expressing Ci -PKAΔNΔC exhibited weaker Ci staining than those expressing other Ci transgenes ( Fig. 2G compared with Fig.  2 D-F) . Previous studies indicated that Sufu protects Ci/Gli from HIB/SPOP-mediated degradation (17, 29) . Because Ci -PKAΔNΔC did not bind Sufu, it could be degraded by HIB more rapidly than other Ci variants. In support of this notion, we found that inactivation of HIB by RNAi stabilized Ci -PKAΔNΔC in wing discs, leading to elevated ptc expression at levels similar to those induced by Ci -PKA (Fig. S4 ).
SIN and SIC Mediate Sufu Inhibition Through Distinct Mechanisms.
We next determined how SIN and SIC mediate Ci inhibition by Sufu. Consistent with previous findings that blocking nuclear export promotes Ci nuclear accumulation (11, 30) , when expressed alone in S2 cells, Myc-Ci -PKA , Myc-Ci -PKAΔN , and Myc-Ci -PKAΔC were accumulated mainly in the nucleus after the transfected cells were treated with the nuclear export inhibitor LMB (Fig. 3 A-C) . Coexpression of Fg-Sufu retained Myc-Ci -PKA and Myc-Ci -PKAΔC
but not Myc-Ci -PKAΔN in the cytoplasm (Fig. 3 E-G′) . Furthermore, Fg-Sufu D154R , which failed to bind SIN but exhibited normal binding to SIC (Fig. 1F) , failed to retain Myc-Ci -PKA in the cytoplasm (Fig. 3 H and H′) . Quantification of nuclear-cytoplasmic distribution of the various Ci constructs is shown in Fig. S5 . When expressed in wing discs, Myc-Ci -PKAΔN exhibited more nuclear localization than Myc-Ci -PKA in A-compartment cells away from the A/P boundary, whereas Myc-Ci -PKAΔC behaved similarly to Myc-Ci -PKA (Fig. S6 ). Taken together, these observations suggest that Sufu-SIN interaction is essential for Sufu-mediated cytoplasmic retention of Ci.
Despite failing to sequester Myc-Ci -PKA in the cytoplasm, Fg-Sufu D154R still inhibited its transcriptional activity (Fig. 3J ), suggesting that Sufu D154R could inhibit Ci activity in the nucleus. To confirm this, we generated a constitutively nuclear form of Ci, HA-Nuc-Ci -PKA , in which an SV40 nuclear localization signal (NLS) was inserted at the N terminus of Ci (19) and a major nuclear export signal (NES) was mutated (31) . When expressed in S2 cells, HA-Nuc-Ci -PKA was accumulated largely in the nucleus even in the presence of Fg-Sufu (Fig. 3 D, I , and I′ and Fig.  S5) ; however, HA-Nuc-Ci -PKA activity was still sensitive to FgSufu-mediated inhibition (Fig. 3K) , deletion of either SIC (ΔC) or both SIN and SIC (ΔNΔC) abolished these inhibitions (Fig. 3 J and K), suggesting that Sufu can inhibit Ci activity in the nucleus depending on SIC.
Interaction Between Sufu and the C-Terminal Half of Ci Interferes with CBP Recruitment. We next determined the mechanism by which Sufu inhibits Ci in the nucleus. It has been shown that Ci activates its target genes by binding to the Drosophila CBP (dCBP) through a C-terminal binding domain between amino acids 1020 and 1160 (32) . Because of the proximity between the -PKA FL, ΔN, ΔC, and ΔNΔC alone or with Sufu. Data are means ± SD from three independent experiments. (C-K′) Late third-instar wing discs of wild type (C and C′) or expressing the indicated UAS-Ci transgenes either alone (D-G′) or together with a UASSufu transgene (H-K′) under the control of the MS1096 Gal4 driver were immunostained with anti-Ci (red) and anti-Ptc (green) antibodies to monitor the levels of full-length Ci derived from both transgenic and endogenous expression, and Hh pathway activity, respectively. Arrowheads and arrows indicate A and P compartments, respectively (H′-K′).
dCBP-binding domain and SIC, we speculated that binding of Sufu to SIC may impede the recruitment of dCBP. Therefore, we carried out CoIP experiments using nuclear extracts prepared from S2 cells transfected with HA-Nuc-Ci -PKA and Myc-tagged dCBP (Myc-dCBP) with or without cotransfection of Fg-Sufu. In the absence of Fg-Sufu, Myc-dCBP formed a complex with HA-Nuc-Ci -PKA ; however, the association between Myc-dCBP and HA-Nuc-Ci -PKA was blocked by Fg-Sufu (Fig. 4A, lanes 1  and 2) . Deletion of SIN (Nuc-Ci -PKAΔN ) only slightly affected this blockage (Fig. 4A, lanes 3 and 4) . By contrast, deletion of either SIC (Nuc-Ci -PKAΔC ) or both SIN and SIC (Nuc-Ci -PKAΔNΔC ) abolished the Sufu-mediated inhibition of dCBP-Ci association (Fig. 4A, lanes 5-8) , suggesting that binding of Sufu to SIC may be essential for preventing dCBP-Ci association.
Because SIC is an intrinsically weak Sufu-binding site (Fig.  1C) , we speculated that SIC might cooperate with a Sufu-binding site located in the middle region of Ci to bind Sufu when the function of SIN was compromised. Indeed, Ci 440-1397 , which contains both SIC and the middle Sufu-binding site (Fig. 1B) , exhibited approximately fivefold higher binding affinity to Sufu than Ci 440-1160 and Ci 1161-1397 , both of which contain only one Sufu-binding site (Fig. S7A) . Further mapping revealed that Sufu interacted with a Ci fragment (Ci 621-1020 ) between the zinc-finger DNA-binding domain and the CBP-binding domain (Fig. S7B) , consistent with the finding of a previous study showing that a Ci fragment containing amino acids 832-1187 interacted with Sufu in a yeast two-hybrid assay (33) . Importantly, Fg-Sufu inhibited the binding of dCBP to Ci 440-1397, which contains both SIC and Ci 621-1020 , but not to either Ci or Ci 1020-1397 (Fig. 4B) , suggesting that simultaneous binding of Sufu to SIC and Ci 621-1020 is likely to be required to impede dCBP recruitment.
If Sufu inhibits Ci in the nucleus by impeding dCBP recruitment, we reasoned that moving the dCBP-binding domain (dCBP-BD) to an "exposed" location in Ci should overcome the inhibition by Sufu in the nucleus. Therefore, we fused a dCBP-BD to the C terminus of either Ci -PKA or Nuc-Ci -PKA after addition of a flexible linker protein, MBP, to separate SIC from the exogenously added dCBP-BD (Fig. 4C) . In the meantime, the endogenous dCBP-BD was deleted from these fusion proteins to generate Ci ΔCBP -MBP-CBP or Nuc-Ci -ΔCBP -MBP-CBP, respectively (Fig. 4C) . We also generated several Ci constructs, including Ci-MBP, Ci ΔCBP -MBP, NucCi-MBP, and Nuc-Ci ΔCBP -MBP as controls (Fig. 4C) . As shown in Fig. 4 , addition of MBP to the C terminus of either Ci -PKA or NucCi -PKA did not affect their activity as well as Sufu-or Sufu (Fig. 4C, group 4) , Sufu failed to inhibit Nuc-Ci ΔCBP -MBP-CBP (Fig. 4C, group 8) . Taken together, these results further support the notion that Sufu can inhibit Ci in the nucleus by impeding dCBP recruitment.
A Conserved Role of SIC in Sufu-Mediated Inhibition of Gli2. In the vertebrate Hh pathway, Gli2 and Gli3 are the primary transcription factors. We noticed that the sequence of SIC is highly . Data are means ± SD from three independent experiments. conserved in both Gli2 and Gli3 (Fig. 1A) . Because Gli2 contributes mostly to Gli activator activity, we focused on Gli2 using the approaches similar to what we have applied to Ci. Accordingly, we generated Myc-tagged full-length Gli2 and its variants with either SIN (Gli2ΔN), SIC (Gli2ΔC), or both (Gli2ΔNΔC) deleted. These constructs were cotransfected with a Flag-tagged mouse Sufu (mSufu) into NIH 3T3 cells, followed by CoIP experiments or Gli-luc reporter assays. Similar to Ci, deletion of either SIN or SIC from Gli2 greatly reduced its binding to mSufu, and their combined deletion nearly abolished the Gli2-mSufu association (Fig. 5A) . Furthermore, both SIN and SIC contributed to mSufu-mediated inhibition of Gli2 activity, as deletion of either SIN or SIC only partially alleviated whereas their combined deletion almost completely blocked the mSufumediated inhibition (Fig. 5B) . Immunostaining of the transfected cells with an antibody against Myc and a nuclear marker revealed that Myc-Gli2 was primarily localized in the nucleus when expressed alone but was sequestered in the cytoplasm when mSufu was cotransfected (Fig. 5C and Fig. S8 ). However, cytoplasmic retention of Gli2 by mSufu was abolished by the deletion of SIN (ΔN + mSufu; Fig. 5C and Fig. S8 ) but was unaffected by the deletion of SIC (ΔC + mSufu; Fig. 5C and Fig. S8 ). Consistent with a previous study (26) , mSufu D159R , which is the counterpart of Drosophila Sufu D154R , exhibited reduced binding to Gli2 (Fig. 5A ) and failed to sequester Gli2 in the cytoplasm (Fig. 5C and Fig. S8 ). Nevertheless, mSufu D159R still inhibited the activity of Gli2 (Fig. 5B) . Furthermore, this inhibition was abolished by deletion of SIC (ΔC or ΔNΔC) but was unaffected by deletion of SIN (ΔN). Taken together, these results suggest that Sufu can sequester Gli2 in the cytoplasm through binding to SIN but inhibit Gli2 activity in the nucleus through binding to SIC.
Intriguingly, Zhang et al. reported that mSufu D159R failed to inhibit Gli1 activity (26) , which we confirmed in this study (Fig.  S9) . Although a previous study indicated that Sufu could interact with the C-terminal half of Gli1, the binding site was not mapped (34) . Sequence alignment revealed that the C-terminal sequence of Gli1 diverges significantly from those of Gli2/3 and Ci (Fig. S9) , suggesting that Gli1 may contain a less potent SIC, which could explain why mSufu D159R failed to inhibit Gli1.
Discussion
As a conserved negative regulator of intracellular Hh signaling, Sufu binds and inhibits Ci/Gli. A conserved Sufu-binding site with an SYGH core motif (SIN) was identified in the N-terminal region of Ci/Gli, and structural information has recently been obtained on how Sufu binds this conserved site (26, 27) ; however, how Sufu interacts with full-length Ci/Gli remains a mystery, because the crystal structures of the Sufu-Gli complexes only contain a small peptide flanking the SYGH motif. Here we identified a conserved Sufu-binding site (SIC) at the C terminus of Ci/Gli. We provided evidence that Sufu may contact SIN and SIC simultaneously, which could be essential for effective SufuCi/Gli association under physiological conditions. In addition, both SIN and SIC appear to be required for optimal inhibition of Ci/Gli but may regulate Ci/Gli through distinct mechanisms, with SIN primarily mediating cytoplasmic retention and SIC contributing to nuclear inhibition of Ci/Gli. Previous studies have suggested that Sufu can impede Ci/Gli nuclear localization and inhibit Ci/Gli transcriptional activity in the nucleus (5, 9-12, 19, 20) ; however, how Sufu exerts this dual regulation still remains poorly understood. Our recent study revealed that binding of Sufu to SIN may inhibit the binding of Kapβ2 to a NLS of the PY family located in the N-terminal region of Ci/Gli (13) . Another recent study also provided evidence that binding of Sufu to Gli1 can preclude the binding of importin β1 (14) . Taken together, these studies suggest that binding of Sufu to SIN may inhibit Ci/Gli nuclear import by masking its NLSs. Here we provide evidence that binding of Sufu to SIC can inhibit Ci transcriptional activity by impeding the recruitment of dCBP (Fig. 6) . Indeed, deletion of SIC but not SIN abolished Sufu-mediated inhibition of Ci in the nucleus (Fig. 3K) . By contrast, deletion of SIN but not SIC affected Sufu-mediated cytoplasmic retention of Ci (Fig. 3 E-G and Figs. S5 and S6) .
We found that both SIN and SIC were required for optimal binding of Sufu to Ci, because deletion of either site in the fulllength Ci background resulted in approximately fivefold reduction in Sufu binding affinity ( Fig. 1 and Fig. S3 ). Therefore, we speculate that in anterior-compartment cells distant from the A/P boundary, where there is no Hh and the levels of full-length Ci (Ci F ) are low, Sufu may bind Ci F by simultaneously contacting both SIN and SIC to prevent nuclear import of Ci F . In A-compartment cells 5-10 cells away from the A/P boundary, where low to intermediate levels of Hh block Ci processing to increase the levels of Ci F and promote nuclear translocation of Ci F (11, 30) , SIN-Sufu interaction may be compromised, likely due to Hhinduced modification of Ci-Sufu. Under such conditions, SIC may cooperate with the middle region of Ci (Ci 621-1020 ) to bind Sufu to mask the dCBP-binding site (Fig. 6 ). This could explain why low to medium levels of Hh can promote Ci F nuclear translocation but fail to fully activate Ci F . In A-compartment cells immediately abutting the A/P boundary, where peak levels of Hh convert Ci F into Ci A , both N-and C-terminal interactions may be compromised, allowing dCBP to be recruited to Ci F (Fig. 6) .
In the mammalian Hh pathway, full-length Gli3 interacts with CBP and the MED12-Mediator complex through its C-terminal transactivation domain (35, 36) . Gli1 and Gli2 also contain extended transactivation domains in their C-terminal regions (37) . Therefore, it is conceivable that binding of Sufu to Gli proteins may also preclude coactivator binding. However, our study does not exclude the possibility that Sufu inhibits Ci/Gli in the nucleus through additional mechanisms such as recruiting a corepressor complex. Indeed, while our manuscript was under review, Lin et al. reported that Sufu inhibited Gli in the nucleus by recruiting p66β (38) . We speculate that Sufu may inhibit Ci/Gli more effectively in the nucleus by simultaneously excluding coactivators and recruiting corepressors.
Experimental Procedures
Standard procedures for Drosophila genetics and tissue-culture experiments were used. Drosophila stocks, transgenes, and DNA constructs and detailed procedures for cell culture, transfection, cell fractionation, immunostaining, immunoprecipitation, Western blot analysis, GST pull-down assays, and luciferase reporter assays are described in SI Experimental Procedures.
